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S. ssmary of Research Goal and Plans

* (a) Intercalated Gra hit*

i. To establish magn tooscil latory phenomena as a fundamental tool in

intercalated graphite study, by sorting out the various effects

which complicate the observed spectra. Progress made on acceptor

compounds suggets that extension to the more complicated donor

problem would be worthwhile.

I i. To use x-ray studies of in plane order to analyze phase transitions

in these compounds, to determine the nature of the low-temperature

phases and to see if these phases change while the charge transfer

in a given stage is varied.

Ill. To use the above characterizations of samples to study other

properties of the graphite*. In particular, how do the optical

properties and resistivity anomalies change as electronic density is

varied? Can these experiments tell us about pressure- induced phase

transitions?

(b) Amorphous Metals

i. To build a solid experimental foundation by a systematical study of

transport properties of a large group of morphous metals and to

provide a critical test of the theories of transport in disordered

systems.

ii. To escorrelate transport measurement with infrared optical

measurements of the same samples to understand the electronic

structure of disordered systems.

iii. To study the density of states structure of metallic glasses by

in I en ra e I va ie. -.. '.,,..
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visible-WV spectroscopy to understand the persistanoe of 'band"

transitions in amorphous materials.

iv. To prepare ultrathin f ilms of spin-glasses, and see how their

properties vary as the sample thickness Is changed (dimensional

crossover).
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2. Status of the Research Effort

(a) Intercalated Graphite

il. Malnetooscillations

We came into this study with a feeling that the time was ripe for a

detailed analysis of the Fermi surfaces of acceptor compounds: that beneath

the welter of observed oscillation frequencies there was an underlying

simplicity and that part of the complications could be ascribed to new Fermi

surfaces produced by large in-plane superlattices. Our research has fully

confirmed these beliefs. In a series of publicationsl- 3 we have shown that

the principal Fermi surfaces for virtually all stages of every acceptor

compound of graphite are well described by a simple model which uses only band

parameters unchanged from pure graphite. In this single sandwich model the

interactions among the n graphite layers between successive intercalant layers

(for a stage n compound) are treated exactly, with the Slonczewski-Veiss-

* McClure model 4 , while the interactions with other layers are ignored and the

interaction with the intercalant layer is treated on a simple screening model.

The only unknown parameters are the charge transfer and a screening parameter.

The derived values of charge transfer are in good agreement with earlier

estimates, and we have provided the first direct experimental estimates of the

screening. Fig. 1 suggests why this model works so well for acceptor

compounds, whereas for donor compounds it may be necessary to include

sandwich-sandwich Interaction. 5  It is now believed that there are no free

charge carriers in the intercalant layer, even for donor compounds. 6  Hence

the c-axis conductivity ac should reflect the overlap between successive

.................................................
l*.
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graphite sandwiches. Fig. 1 shows that aO  decreases exponentially with

increasing sandwich spacing, with donor compounds having larger values of Oc

than graphite and acceptor compounds having smaller values and hence p

considerably less overlap.

A complete solution to the acceptor problem must also explain the "extra"

frequencies observed in the do Haas-van Alphen studies of most acceptor

compounds-that is frequencies not corresponding to the n Fermi surface

sections expected in a stage n compound. Miere are a number of possible

causes for extra frequencies, and we have found experimental evidence for at

least three:

(i) Matnetic interferometer effect 7 -Vhen two Fermi surfaces nearly

intersect at more than one point, a strong magnetic breakdown can allow

an electron to hop from one surface to the other at one breakdown point,

and then back at a second point. This hopping electron will travel a

slightly different path from one which doesn't hop, and the two electrons

will interfere (just as in the two slit interference of light) producing

a very low frequency corresponding to the area between the two breakdown

points. We have evidence for this effect in both AsF$ 8 and HNO3 9

intercalation compounds.

(ii) Kannetic interaction-The magnetic field which enters the

theoretical do Haas-van Alphon expressions for the magnetization K is the

magnetic induction B, which itself contains a contribution from X.

Hence, any oscillation in K should be modulated by every other

oscillation frequency, producing sum and difference frequencies and

anomalously strong harmonics in the observed magnotooscillation spectrum.

. . . . . . . .. . . . . . . . . . .-. •
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This effect should be particularly strong in a two-dimensional system,

since all carriers contribute at the same frequency. If N is large

enough, the electronic system becomes unstable, and there can be a first- 9

order transition to a state with domains of different maogntization. 1 1

1 9
We have observed prominent mixing frequencies in AsFs and !4O3

compounds, but the most spectacular results are found in Br2-graphite. 1 2

Most of our results on this compound have not yet been published, since

we do not understand the behavior in detail, but we have made a number of

very surprising observations: p

a) There are very strong harmonics, extending out to at best seven

times the fundamental, suggesting strong interaction effects.

b) At low fields (or high frequencies) the fundamental is at ,

120T. As the field is increased, all odd harmonics (includin the

fundamental) vanish.

c) As the temperature is lowered the harmonic frequencies weaken S

and vanish. This is the opposite of ordinary dHvA harmonics.

d) If the sample is thermally isolated from the liquid He bath,

hysteresis effects are observed: sweeping the field upwards or P

downwards produce qualitatively different spectra. This may suggest

a coupling to the giant magnetothernal oscillations expected in a

two-dimensional system. 13  In some cases the oscillations have

extremely sharp onsets, which may be resolution limited and may even

be discontinuous.

Vagner, et. al. 1 4 have suggested that in such a system an effect .

analogous to the quantum Hall effect may occur, with a zero resistance

K->.' .-. ,.

S . . . . . . . . . .t .. .. . . .
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state In fields where the two domains are present. W. have not so far

seen such an effect, and Azbel (personal communication) has suggested

that it may not occur, but clearly this system bears further study. .

(III) Superlattice effects--An in-plane ordering of the intercalant

molecules will create new Brillouin zone surfaces, and if these intersect

the Fermi surface they can introduce energy gaps, causing now Fermi

surfaces. These will show up as extra oscillation frequencies. he

original Fermi surfaces may also be observed at high fields, if the

magnetic field is strong enough to induce magnetic breakdown. 1 5  Since S

the Fermi surface pockets are very small, the superlattice must usually

be very large to produce new surface sections (very mall Brillouin

zone). Our x-ray studies (discussed below) demonstrated the existence of

such large superlattices in almost every compound studied, and we have

now found direct evidence for magnetic breakdown from analyzing the field

dependence of the magnetooscillations, in both stage 3 HNO3 graphite9 and

stage 7 H2 SO4 graphite1 6 . Fig. 2 shows the case of HNO3 -graphite: at

low fields a fairly low frequency (and its second harmonic) grow in a

normal fashion with increasing field. At about 9T, this frequency begins

to droop and disappear, while at the same time a considerably higher

frequency suddenly grows out. This higher frequency corresponds to the

larger, undistorted Fermi surface expected from the graphite band

structure. The lower frequency corresponds to the fragment of Fermi

surface remaining in the presence of the superlattice, and Fig. 2

illustrates the effect of magnetic field in breaking down the

superlattice Saps. In all cases where magnetic breakdown is observed, x-

% . ... . . ... .-.

* U -. . . . .. . . . . . . . . . . . . .a .. a
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ray studies oonfim the existence of a superlattice of the appropriate

size.

Fig. 3 (in stage 1 AsFS-gtaPhite) looks superficially similar. but 0

the suddeness of the transition suggests a coherent magnetic breakdown-a

field-induced phase transition. Elucidation of this transition will

require considerably more work, although in Ref. 17 we offer a S

speculative Interpretation relating it to an antiferromagnetic state at

low fields. The potential significance of the transition is great.

First, it suggests that the phase transition at 200K which created the p

superlattice is electronic in origin. This in turn could be the case for

many other acceptor compounds. It could explain why nearly all acceptor

compounds have transition in a narrow temperature range, why such large

superlattices are involved, and why the Drillouin zone so often seems to

Just span a Fermi surface (Fig. 4). Secondly, the transition is similar

to one observed in (TRISF)2CI04 .' 8  The TKISF family of compounds is p

under intensive study at present because of its lower dimensionality and

the large variety of electronic phase transitions observed, including

antiferromagnetic and superconducting. Study of the transition in AsF 5 - D

graphite may shed light on these organic compounds and more importantly,

may provide evidence that the same kinds of interesting electronic phases

can occur in graphite intercalation compounds. .

(ii). X-ray StudieS

Studies of in-plane x-ray diffractions have been undertaken in

. . . . . .. . . . . . . . . . .-..



collaboration with D. Chipman at the Watertown Arsenal (ADIEC), and a special

dewar purchased to extend the studies to liquid helium temperatures. Phase

transitions to large superlattice states are observed in nearly every system

studied (see Fig. 4, above). 1 pically, the intercalant is disordered at room

temperature and undergoes an order-disorder transition near 2001. An

exception is SbC1 5-graphite which has a 14x14 superlattice both at room

temperature and low temperatures, but still shows evidence for some transition

at 220K. In this case only one peak shows a large increase in intensity.

Strangely enough, the peak again disappears gradually at lower temperatures,

reminiscent of observations by Clarke, et. al. 1 9  We have attempted structure

studies on this system, to determine the molecular arrangement responsible tor

such a large superlattice. Te find evidence that the SbCI6 units maintain

their molecular integrity and that they occupy two inequivalent sites, but so

far have not been able to compose them into a completely satisfactory whole.

All of the systems studied show sluggish, hysteretic transitions of

considerable complexity, which change on aging. H2SO 4 -graphites show double

transition: order-disorder near room temperature and a complicated transition

to a larger superlattice near 200K. On first cooling, through the lowest

transition a stage 7 sample showed a peak split into two components, which

separate gradually on further cooling. On recycling, the initial and final

states remained the same but the gradual transition was washed out. This is

very reminiscent of comensurate-incommensurate transitions observed on other

systems. 2 0  A stage one sample showed a similar transition (although without

the gradual separation). However, on warming through the transition a new

*. transition to a third ordered phase was observed.

.
• 

** **-* . * -*.-* .* . . . *-* - - *..
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The experiments have all been performed on KOPG (highly oriented

PWrOlitic graphite), so that we observe not individual peaks but powder

average rings. Since the superlattices are so large, there are nav rings and

it is consequently quite difficult to positively identify the superlattice

unit cell or say if it is commensurate or incommensurate. To solve this

problem we have begun studies of graphite single crystals (from "Ticonderoga

graphite). To comploment these studies, we have built a new inductive sample

holder for de Haas-van Alphen studies. Our initial experiments on Br 2 -

graphite were successful in observing both magntooscillations1 2  and

anisotropic x-ray spectra at room temperature, and we are building a rotatable . "

sample holder for low temperature x-ray study.

(III). Htih-prossure Studie s

A cell has been constructed and successfully tested on pure graphite for

measuring in-plane conductivity as a function of pressure. In addition, a

collaboration with Prof. Perry (NU) is studying a Br2-graphite under pzssure,

using the Raman effect to look for changes in the in-plane Br-Br stretch mode.

These studies will be extended under our new grant. A sandblasting unit has

been set up to form samples of the appropriate shape.

(iv). Collaborations

The phase transition observed in AsFS-graphite was found in a stage I

." sample overcharged with F2 to enhance the conductivity, prepared by T.

::::. ... .. .. ... .. . . ....... . . . . .. . . . + .-......t -:. - . : . : : : : :. - + - - : . .
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Milliken (NIL) and I.E. Fischer (U. Penn.). This collaboration is continuing,

and we have received additional samples for both x-ray and nagnetooscillation

study. In addition. Fischer is preparing a series of KH-graphites, so that

we can see if Fermi surface and x-ray studies can explain the various phases

observed (red, yellow, pink) in these superconducting compounds. These are

donor compounds, and it will be very interesting to see if our single sandwich .

model can explain these materials as well. An advantage of our inductive

measurements is that the samples may be sealed in glass to eliminate any

possibility of deintercalation, and it is not necessary to attach probes to

the sample.

Samples of HNO-graphite have been prepared and sent to B. Gerstein (Iowa

State) for NML studies of diffusion, but no results have yet been reported.

Our student, A. Ibrahim, is now a post-doe at BU working with 0.

Zimmerman, and we are beginning a collaboration to try to understand magnetic

intercalation compounds. He has found one compound in which the

susceptibility anomaly is considerably less sensitive to external field and we

are exploring whether magnetooscillations may be observed in the low-field as

well as the high field state. p

Finally, our observations of magnetic breakdown, interaction, and the

field-induced phase transition has stimulated considerable theoretical

interest, which may hopefully suggest further experiments. We have already

received a preprint from K. Sugihara (presently at MIT) and have had much

Interest In our work expressed by L. Falicov (Berkeley), M. Azbel, and I.

Vagner (Tel Aviv). In addition, we have an ongoing correspondence with D.

Schoenberg on experimental aspects of the problem.

. . • ,~~~~~~~~. - ... . .......... . . .. . ..-.. .. ..
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(b) Amorphous Metals

Ci). Transport Studios

At the start of this proposal, the causes of the field and temperature

dependence of the resistivity of amorphous metals were not well understood,

with a number of alternative theories. Now it is clear that for a great many

systems, the resistance is dominated by three-dimensional localization21 and

interaction effects. 2 2  Our studies2 3 have been instrumental in confirming

this picture. In a series of alloys of Ca-Al. La-Al, and Ge-Fe, we have

observed the expected IT, IN variation of the resistivity, and have shown that

both localization and interaction effects can be important in different

temperature and composition ranges.

The La-Al system offered a particular advantage, in that most

compositions studied went superconducting above 1.2K. From the

superconducting properties we could determine all the parameters of the

localization theory (inelastic scattering rate from superconducting

fluctuations above the critical temperature# diffusion constant and spin-orbit

scattering rate from critical field measurements). The contribution of

localization effects was found to be relatively small, ( 15%) and when

subtracted off, the remaining magnetoresistance followed the predictions of

interaction theory. In particular, the conductivity (Aa) scales as A/JT is a

function only of HT, going as 4H/T in the high-field limit. In addition, we

analyzed how the interaction parameters and superconducting transition

temperature Te vary with composition. We have found a linear relation between

Tc and the density of states at the Fermi level predicted by Varma and

D. . . . . . . . . . .. . . . . . . . . . .

-... "*. . .
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The Ge-Fe system shows a metal-insulator transition. The critical

exponent of conductivity vs. concentration lies between the theoretical values

of 1 and the value of 0.5 observed in Si:?2 5 (Fig. 5).

Hall effect measurements on metallic transition metal alloys are

sensitive to the magnetic interactions through the contribution of the

anomalous Hall coefficient. In a series of room temperature measurements on

Ni-P amorphous alloys we have determined that both the apparent Hall

coefficient and the magnetoresi stance change sign at about 23 at. % p.27 This

is exactly the concentration at which it has been observed that the

* temperature coefficient of resistance MTR) changes sign.2  The behavior of

the TCR has been related to the Kooij correlation between TCR and

resistivity-. 9 The resistivity near the cross-over is almost exactly the 150

g0-cm value observed by Xooij 30 to separate alloys with positive and negative

TC1.

* The anomalous Hall coefficient and the magnetore si stance are most likely

* related to the specific magnetic properties and electronic structure of the

Ni-P alloys. Since the TCX changes sign at the same P concentration, we

believe that the TCR may also be related to characteristics specific to Ni-P.

In this case Ni-P may not be a good model for the (quite general) Nooij

correlation. The resistivity value of the 150 p0l-cm at the crossover may only

be a coincidence.

.. .
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(ii). Optical Studies of Metallic Glasses

In the duration of this contract we have correlated infrared

conductivity, DC Hall data, and CPA calculations (in collaboration with A.

Bansil and S. Khanna) to arrive at a coherent picture of the electronic

structure of the important metal-metalloid glass Ni-P. Samples of electro-

deposited Ni-P were produced over the range from 15 - 26 at. % P and the

reflectivities studied in the spectral range .01eV ( hw < 2.5 eV.3 1  The

reflectivities at frequencies below about 1 eV were found to be well fit by a

free-electron Drude model, and carrier plasma frequencies and scattering times

were found. Good agreement was found between the optical conductivities

determined and DC conductivities from the literature, but while the

conductivity decreases with increasing P concentration, the carrier scatterin$

time was found to be increasing in the same range. This is quite contrary to

the normal idea of alloy scattering in crystalline materials. When the

carrier scattering is dominated by disorder, it seems that the scattering is

more sensitive to the density of final states than to the presence of

"impurity' atoms.

S.'This idea was confirmed by our finding that the carrier scattering rate,-.o

/Tl is linearly dependent on the square of the plasma frequency. From simple

Boltzmann equation arguments op2 is dependent on the density of states at the

Fermi level:

2 8ne2 N(EF) EF

"-'"'° P3m

p 3

• . . .... ".. . . *-.. . . . . *. ,p..+.. _ '+.. " " .' . _ ' . " + , '
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Our Infrared measurements therefore Indicate that the Fermi level density

of states decreases as the P concentration increases. Similar conclusions can

be drawn from specific heat and N~M experiments. 3 2 , 33 At first we attributed

this to d-band filling, but this was found to be inconsistent with our Hall

effect measurements on the same samples. 2 7

The Hall effect in ferromagnetic materials is caused by two independent

phenomena. The ordinary or classical Hall effect is caused by the Lorentz

force on the electrons and is sensitive to the density of states at the Fermi

level in the usual way. The extraordinary or anomalous Hall effect is

related to interactions between the conduction electrons and localized

magnetic moments that lead to anistropy in the scattering. 3 4  The anomalous

Hall effect disappears in non-magnetic materials and shows large changes in

magnitude and sign upon magnetic ordering.

In our measurements of the room temperature Hall effect of Ni-P we

determined that the Hall coefficient changes signs as a function of P

concentration around 23 at. S P. We believe that it is unlikely that this

represents a change of sign in the ordinary Hall coefficient. It appears more

likely that the sign change is caused by a change in the anomalous Hall

coefficient accompanying the ferromagnetic-paramagnetic transition at 18 ate%

o P. Combined with a relatively constant contribution from the ordinary Hall

effect, this could explain the sign change at 23 at.% P.

The persistence of the anomalous Hall effect to above 23 at. % P. however,

implies that there are still local moments (i.e., d-holes) to as large a P

concentration as we have studied. This is inconsistent with a model of d-band

filling to account for the decrease in the infrared plasma frequency.

.. ........ . . . ........... . ..* .. . . . . * . . , • , . .• . % % .* *, . °

-..- ,-,- ° . •.- .- -.. ' -. • . - -.' .'-" .' .". .-.-. .... . ...-...-.-. ........ .-...-.. ... .-. .,.. . . . . . . .-. _.. .. ..
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To resolve this paradox we have collaborated with Prof. A. Bansil and S.

Khanna of Northeastern in a rn-CPA calculation of the electronic structure of

Ni-p.35 In this calculation the amorphous Ni-P is modeled as a random alloy

on an fcc lattice. The real short range order of the glass is, of course, not

. modeled by such a theory, but the experimental density and radial distribution

functions can be correctly built in. The atomic potentials are chosen

assuming a certain occupancy and then justified a posteriori by the results of

the calculation. The random nature of the amorphous state is taken into

account in the usual CPA method by associating with each lattice site a

potential which has a weighted probability of being a Ni or P potential. This

*i calculation should accurately reproduce the features of the electronic

structure that are not specifically sensitive to the particular local

structure. Since many properties of amorphous metals are relatively 2
insensitive to the method of formation, such an approach may be a reasonable

approximation to the real material.

The results of the calculation are shown in Fig. 6 which illustrates the

-. calculated density of states for a Ni7 4 P2 6 alloy compared with the results for

Spure Ni. We observe that the apparent contradiction between the optical

"- experiments and the anomalous Hall effect results is resolved in our

Scalculation. The theoretical results shows that the density of states at the

Fermi level decreases in the alloy (as indicated by the IR results) but,

- unlike a rigid band picture, the d-band is Rot filled even by 26 at. % P.

*This is in agreement with the persistence of the anomalous Hall effect to 26

at. % P.

Our results represent the first realistic calculation of the electronic

.....................................................
................................. ,..... . . . . . .



structure of the metal-metalloid metallic glasses. The success of this model

in accounting for the qualitative behavior of the TK conductivity and Hall

effect experiments verify that the overall electronic structure of NI-P is not -

highly sensitive to the details of the short-range order.

A second system in which optical measurements have been made is La-Al.

We have measured the reflectivity of LajxAlx sample from x - .25 to x - .45

over a spectral range from .01 eV to 2 eV.36  the reflectivities were well fit

over the entire range by a Drude form. 7his allowed a sensitive determination

of up and l/ for these alloys. Fig. 7 shows the experimental reflectivities

and the Drude calculation for the La-Al alloys. In Fig. 8 the dependence of

the plasma frequency up and the carrier scattering 1/v on aluminum

concentration is illustrated. We observe a pronounced minim in both up and

1/-1 around 35 at. S Al. We find good agreement between the infrared

conductivity (u Wp2 -/4) and the measured DC conductivity for similar samples.

In addition, a simple free-electron calculation gives good agreement between

the plasma frequency and the Hall coefficient at x - .30 assuming an effective

mass equal to the free electron mass. The alloy dependence of 0. can

represent either structure in the density of states or a deviation from the

free electron picture (in # 1) away from x - .30. Since l/k is nearly linear

with up2 we believe that there is a significant variation in the density of

states at the Fermi energy as a function of Al concentration.

The density of states of crystalline La has been calculated and displays

a minimum slightly above the Femi energy.37  Calculations of liquid La show a

similar but smaller dip.3 8 If a rigid band idea can be applied, a minimum in

the plasma frequency may be expected when the Fermi level is increased by



.T

adding almine. Our experience with Ni-P suggests that the rigid band model

may indicate the overall alloy dependence of the density of states, but is

likely to be inadequate to describe the experimental results. The final word .

on these La-Al experiments must await a thorough experimental-theoretical

collaboration.

(iii). Sm Glasses

We have prepared a series of Au:Fe films ranging in thickness from 50- P

4000A, and in composition from 0.1 - 2% Fe. Remarkably, the magnetoresistance

is dominated by the bulk Kondo effect down to films of 100A thickness, and

this effect Is still strong in the thinnest films. Me Fe contents were found I

to be too low to directly observe the spin glass freezing temperature, but the

field and temperature dependence of the magnet oresistance suggests that the

reduced dimensionality does not strongly affect the spin glass state, contrary I

to expectation.

. . .............
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Figure Captions

Fig. 1. C-axis conductivity, Oc, of intercalation compounds, plotted against

dc the distance between carbon layers separated by the intercalant.

For comparison, the conductivity of pure graphite is also plotted,

using twice the layer separation for d (this is the distance that
determines the second layer overlap constants T2 and T$). [Data

from I.E. Fischer, in F. Levy, Ed., Physics and Chemistry of

Materials with Layered Structures, Vol. 5 Intercalation Compounds

(D. Reidel, Dordrecht, Holland, 1978)).

Fig. 2. Magnetic breakdown in stage 3 RNO3-graphite. Upper trace - de Has-

van Alphen spectru-, lower trace a mplitude of three principal

oscillation frequencies vs. field.

Fig. 3. Field-induced phase transition in stage 1 AsF$-grp ite--
[From Ref. 17].

Fig. 4. Brillouin zones (from x-ray diffraction or magnetic breakdown

studies) and Fermi surfaces (from magnetooscillation studies) for
several intercalation compounds. The x-ray diffraction results give

the closest match of the diffraction pattern to a commensurate
superlattice. (As discussed in the text, there is some uncertainty

due to the large lattice size and powder averaging). Note that in
all cases there is a Fermi surface which nearly spans the Brillouin

zone. For stage n > 1, only this Fermi surface is shown.

Fig. S. T- 0 conductivity of amorphous Ge-Fe alloys as a function of Fe

concentration.
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Fig. 6. Calculated density of states for crystalline Ni and amorphous

Ni.74P.26'

Fig. 7. Measured reflectivity of LazAll-z samples along with fits to Drude

model (solid lines).

Fig. S. Variation of inverse scattering time (top) and plaa frequency

(bottom) as a function of Al concentration derived from fits to

reflectivity data.
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3. Research Equinment Acquired:

A Keithley model 181 digital uanovoltmeter has been bought. It is being

used in connection with Hall effect measurements, and will be used later for

thermoelectric Power Measurements.

Equip~ment for the construction of the vacuum WV spectrometer and UHY

ample chamber has been acquired. This equipiment includes:

a. Acton Research Model 5OS 1/2-meter vacuum spectrometer with 120

line/rns gratin$ blazed at 150 arn.

b. Acton Research 7-position filter wheel for 505 spectrometer.

C. Acton Research End-on Detector.

d. Custom UHV chamber from Sharon Machine Company.

* e. Eamamtsu deuterium lImp and power supply.

A liquid He dewar modified for x-ray studies (2 Be windows) has been

purchased from International Cryogenics, Inc.
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density changes and scattering rate changes in stage 1 AsF5-

samples subjected to varying degrees of overcharging.

(iv) Prof. B. Gerstein, Iowa State University, Ames, Iowa. 50010:

High-resolution NHR studies of AsF-graphites.

(v) Dr. L.G. McKnight, Bell Labs, Murray Hill. introducing CONCEPS.

Bell Labs process control software to Solid State Labs,

Northeastern University.



-39-

I.
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Cx) N. Dixon and L. Fritz (NU) Mossbauer/Optical studies of Ge-Fe

and Ta-Cu.
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(xii) J. Allen (Xerox, Palo Alto) photoemission of CaAl.
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